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Key difference: higher stages occur more rapidly and at lower Key difference: higher stages occur more rapidly and at lower 
discharges during ice jam events than open water eventsdischarges during ice jam events than open water events



IAHR Working Group on
River Ice Hydraulics Definition

IAHR Working Group onIAHR Working Group on
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An ice jam is a stationary accumulation of 
fragmented ice or frazil that restricts flow
An ice jam is a stationary accumulation of An ice jam is a stationary accumulation of 
fragmented ice or frazil that restricts flowfragmented ice or frazil that restricts flow



Ice Jam Formation Ice Jam Formation 
•• Jams are possible wherever an ice cover formsJams are possible wherever an ice cover forms
•• Jams occur at locations where the riverJams occur at locations where the river’’s s 

transport capacity is exceededtransport capacity is exceeded
–– Intact ice coverIntact ice cover
–– Sharp bendsSharp bends
–– Decreases in channel slopeDecreases in channel slope
–– ConstrictionsConstrictions
–– ConfluencesConfluences

•• Ice jam flooding can be extremely rapidIce jam flooding can be extremely rapid
•• Two types of jams: freezeup and breakupTwo types of jams: freezeup and breakup





Overview of New England
Ice Jams 

Overview of New England
Ice Jams 

•• 2079  New England ice events listed in the 2079  New England ice events listed in the 
CRREL ice jam database (17.3%)CRREL ice jam database (17.3%)

•• 17801780--1999 (2000 jams not in yet)1999 (2000 jams not in yet)

•• 289 rivers289 rivers

•• 422 towns422 towns







ConnecticutConnecticut
•• 128 jams128 jams
•• 19021902--19991999
•• 22 rivers22 rivers

–– HousatonicHousatonic (22)(22)
•• 37 towns37 towns

–– GaylordsvilleGaylordsville (14)(14)
–– Riverton & Thomaston Riverton & Thomaston 

12 each12 each

December
11%

January
37%

February
28%

March
23%

Unknown
1%



ShetucketShetucket River,River,
Baltic, CTBaltic, CT
02/01/9402/01/94



MaineMaine

•• 483 jams483 jams
•• 17801780--1999 (1 in 2000 so far)1999 (1 in 2000 so far)
•• 72 rivers72 rivers

–– St. John (59)St. John (59)
–– Aroostook (54)Aroostook (54)
–– Kennebec (47)Kennebec (47)

•• 111 towns111 towns
–– Dickey (34)Dickey (34)
–– Washburn (22)Washburn (22)
–– Fort Fairfield (20)Fort Fairfield (20)

January
16%

February
18%

March
24%

April
32%

December
7%

November
0%

May
1%

Unknown
2%



St. John River at Dickey, ME, April 1991 St. John River at Dickey, ME, April 1991 ≈≈ $14M$14M



MassachusettsMassachusetts
•• 211 jams211 jams
•• 19131913--1999 1999 
•• 45 rivers45 rivers

–– Millers River (20)Millers River (20)
–– West Branch Farmington (18)West Branch Farmington (18)
–– Middle Branch Westfield (16)Middle Branch Westfield (16)

•• 53 towns53 towns
–– New Boston (18)New Boston (18)
–– Goss Heights (16)Goss Heights (16)

February
37%

March
23%

April
1%

Unknown
0%

January
33%

December
6%



Rhode IslandRhode Island
•• 10 jams10 jams
•• 19411941--19721972
•• 5 rivers, 5 towns5 rivers, 5 towns

–– Adamsville (Adamsville)Adamsville (Adamsville)
–– NipmucNipmuc (Harrisville)(Harrisville)
–– Pawcatuck (Westerly)Pawcatuck (Westerly)
–– PotowomutPotowomut (E. Greenwich)(E. Greenwich)
–– S. Br. S. Br. PawtuxetPawtuxet (Washington)(Washington)

•• January = 2January = 2
•• February = 4February = 4
•• March = 5March = 5
•• April = 1April = 1
•• Unknown = 1Unknown = 1



VermontVermont
•• 753 jams753 jams
•• 18671867--1999 1999 
•• 74 rivers74 rivers

–– Winooski River (73)Winooski River (73)
–– Lamoille River (69)Lamoille River (69)
–– MissisquoiMissisquoi River (63)River (63)

•• 127 towns127 towns
–– East Georgia (51)East Georgia (51)
–– Montpelier (46)Montpelier (46)
–– East East BarreBarre (45)(45)

Unknown
1%

December
7%

January
24%

May
0%April

6%

March
44%

February
18%



Winooski River, Montpelier VT, 03/11/92 Winooski River, Montpelier VT, 03/11/92 ≈≈ $20M$20M





New HampshireNew Hampshire

•• 495 jams495 jams
•• 18861886--19981998
•• 71 rivers & streams,  71 rivers & streams,  

1 lake1 lake
•• 89 towns89 towns



November (0.62%)
December (7.22%)

January (25.77%)

unknown (1.44%)
April (4.74%)

March (40.82%)

February (19.38%)



March 22, 1968March 22, 1968
Israel RiverIsrael River

Lancaster, NHLancaster, NH
$3 million$3 million



Shear wall left behind at new bridge, Israel River, Lancaster, 01/24/99



February 16, 1984  Sugar River, Claremont, NHFebruary 16, 1984  Sugar River, Claremont, NH
(one death in 1981 jam)(one death in 1981 jam)



Basic Ice ProcessesBasic Ice Processes
•• Ice covers made up of two ice types Ice covers made up of two ice types 

–– ColumnarColumnar
–– FineFine--grained)grained)

•• Once formed, ice cover thickens due to thermal Once formed, ice cover thickens due to thermal 
and/or mechanical processesand/or mechanical processes
–– Can result in freezeup jamsCan result in freezeup jams

•• Ice cover breakup caused by thermal and/or Ice cover breakup caused by thermal and/or 
mechanical processesmechanical processes
–– Can result in breakup ice jamsCan result in breakup ice jams



••Columnar ice:  Columnar ice:  ThermallyThermally--grown grown ““blackblack”” ice, transparent, ice, transparent, 
allows solar penetration, decays into allows solar penetration, decays into ““candled icecandled ice””



••Fine grained ice: Fine grained ice: 
made of frazil or made of frazil or 
snow, looks snow, looks ““whitewhite””, , 
resists solar resists solar 
penetrationpenetration



Freezeup JamsFreezeup Jams
• Early to mid-winter formation• Early to mid-winter formation
• Subfreezing air temperatures• Subfreezing air temperatures
• Frazil and broken border ice• Frazil and broken border ice
• Unlikely to release• Unlikely to release
• Fairly steady water flow• Fairly steady water flow
• Smooth to moderate surface roughness• Smooth to moderate surface roughness





Primary flow areaPrimary flow areaPrimary flow area

FrazilFrazilFrazil

Drained frazilDrained frazilDrained frazil
Refrozen 

surface layer
Refrozen Refrozen 

surface layersurface layer
Border ice piecesBorder ice piecesBorder ice pieces

Cross Section of Freezeup JamCross Section of Freezeup JamCross Section of Freezeup Jam



River Ice Cover BreakupRiver Ice Cover Breakup
•• Thermal Breakup: Ice cover melts in placeThermal Breakup: Ice cover melts in place

–– Direct sunlight plays a large roleDirect sunlight plays a large role
–– Surface color influences absorption of sunlight: Dusting Surface color influences absorption of sunlight: Dusting 

ice promotes meltingice promotes melting
–– Water on ice decreases reflection, may promote meltingWater on ice decreases reflection, may promote melting
–– Open water areas absorb sunlightOpen water areas absorb sunlight

•• Mechanical Breakup: Hydrodynamic forces acting Mechanical Breakup: Hydrodynamic forces acting 
on cover exceed cover strengthon cover exceed cover strength
–– Results from an increase in flowResults from an increase in flow
–– Precipitation eventPrecipitation event
–– Snowmelt eventSnowmelt event
–– Dam operationDam operation



Breakup JamsBreakup JamsBreakup Jams

• Mid to late winter formation•• Mid to late winter formationMid to late winter formation
• May form more than once per season•• May form more than once per seasonMay form more than once per season
• Near-freezing air temperatures•• NearNear--freezing air temperaturesfreezing air temperatures
• Broken sheet and border ice•• Broken sheet and border iceBroken sheet and border ice
• Highly unstable, releasing suddenly•• Highly unstable, releasing suddenlyHighly unstable, releasing suddenly
• Unsteady water flow (surges)•• Unsteady water flow (surges)Unsteady water flow (surges)
• Moderate to extreme surface roughness
• Midwinter jams may refreeze, causing 

additional problems later in the winter

•• Moderate to extreme surface roughnessModerate to extreme surface roughness
•• Midwinter jams may refreeze, causing Midwinter jams may refreeze, causing 

additional problems later in the winteradditional problems later in the winter





Primary flow areaPrimary flow areaPrimary flow area

Cross Section of Breakup JamCross Section of Breakup JamCross Section of Breakup Jam

Brash/slushBrash/slushBrash/slush
Ice blocksIce blocksIce blocks Water levelWater levelWater level



Ice Jam MitigationIce Jam Mitigation
•• Advance MeasuresAdvance Measures
•• Emergency MeasuresEmergency Measures
•• Permanent MeasuresPermanent Measures
•• Freezeup Jam ControlFreezeup Jam Control

–– Control production and transport of frazil iceControl production and transport of frazil ice
–– Displace jam initiation locationDisplace jam initiation location

•• Breakup Jam ControlBreakup Jam Control
–– Control timing of ice breakupControl timing of ice breakup
–– Displace jam locationDisplace jam location



Mitigation GoalsMitigation Goals
•• Advance MeasuresAdvance Measures

–– Flood protectionFlood protection
–– Reduce ice supplyReduce ice supply
–– Control breakup Control breakup 

sequencesequence
–– Increase Increase 

conveyanceconveyance

•• Emergency MeasuresEmergency Measures
–– Flood ProtectionFlood Protection
–– Increase Increase 

ConveyanceConveyance
–– Remove IceRemove Ice

•• Permanent MeasuresPermanent Measures
–– Flood protectionFlood protection
–– Reduce ice supplyReduce ice supply
–– Increase conveyance Increase conveyance 
–– Control breakup Control breakup 

sequencesequence
–– Displace ice jam Displace ice jam 

locationlocation



Goal: avoid evacuations under conditions like thisGoal: avoid evacuations under conditions like this



“Residents are blaming Montpelier officials for failing to notify
them of potential flooding stemming from ice-breaking 
procedures on the Winooski River in the capital Friday.”



Advance MeasuresAdvance Measures

•• NonNon--structural interventionstructural intervention
•• Two weeks to six months lead timeTwo weeks to six months lead time
•• Can be inexpensiveCan be inexpensive
•• Effective?Effective?
•• Includes monitoring, early warning, ice Includes monitoring, early warning, ice 

weakeningweakening



Background Data CollectionBackground Data CollectionBackground Data Collection

• Ice records•• Ice recordsIce records
• Historical ice and stage data•• Historical ice and stage dataHistorical ice and stage data
• River geometry•• River geometryRiver geometry

• River hydraulics•• River hydraulicsRiver hydraulics

• Hydrology•• HydrologyHydrology

• Meteorology•• MeteorologyMeteorology
• Flooded areas•• Flooded areasFlooded areas
• Past flood-fighting measures•• Past floodPast flood--fighting measuresfighting measures

• Potential flow control•• Potential flow controlPotential flow control



Sources of Background InformationSources of Background InformationSources of Background Information

• NWS forecasts•• NWS forecastsNWS forecasts
• Historical ice jam and open water flood                
data (stages, flood areas)
•• Historical ice jam and open water flood                Historical ice jam and open water flood                
data data (stages, flood areas)(stages, flood areas)
• CRREL ice jam database•• CRREL ice jam databaseCRREL ice jam database
• Technical reports•• Technical reportsTechnical reports
• Local civil defense unit reports•• Local civil defense unit reportsLocal civil defense unit reports
• State emergency agency reports•• State emergency agency reportsState emergency agency reports
• Newspaper/TV accounts•• Newspaper/TV accountsNewspaper/TV accounts
• Photographic/videotape•• Photographic/videotapePhotographic/videotape
• Anecdotal records•• Anecdotal recordsAnecdotal records

• CRREL and Corps reports•• CRREL and Corps reportsCRREL and Corps reports
• Topographic/GIS mapping•• Topographic/GIS mappingTopographic/GIS mapping
• USGS gage data•• USGS gage dataUSGS gage data



CRREL and 
Corps Reports



Press for 
information

Press to submit a new entry

http://http://www.crrel.usace.army.mil/products/products.htmlwww.crrel.usace.army.mil/products/products.html



www.nws.noaa.gov/er/nerfc/ice











Early WarningEarly Warning
•• Provides critical informationProvides critical information
•• Two weeks to several months lead timeTwo weeks to several months lead time
•• Inexpensive and invaluable Inexpensive and invaluable 

–– Trained observersTrained observers
•• Part of emergency response teamPart of emergency response team
•• Track preTrack pre--event ice conditions and during eventevent ice conditions and during event
•• Helpful for afterHelpful for after--action assessmentaction assessment

–– Ice motion detectorsIce motion detectors
•• Trip wires in iceTrip wires in ice

–– alarms inform emergency managersalarms inform emergency managers
–– select locations to give days/hours warningselect locations to give days/hours warning
–– Can be remoteCan be remote

–– Automated alarming stage gaugesAutomated alarming stage gauges



Aerial photographsAerial photographs



Snow or Snow Ice

Solid Ice

Frazil Ice

To Ice Motion Detector





PredictionPrediction
•• Models difficult to constructModels difficult to construct

–– EmpiricalEmpirical
–– StatisticalStatistical

•• Require reasonable ice data sets Require reasonable ice data sets 
–– Ideally about 50% ice, 50% openIdeally about 50% ice, 50% open--water water 
–– MontpelierMontpelier

•• Flood Potential IndexFlood Potential Index
–– Currently under development with support from Currently under development with support from 

USACE, USGS, NWSUSACE, USGS, NWS









Advance Measures:
Ice Weakening

Advance Measures:
Ice Weakening

•• Mechanical: Immediate strength reductionMechanical: Immediate strength reduction
–– Ice cuttingIce cutting

•• 4WD trencher4WD trencher
•• amphibious ice sawamphibious ice saw

–– Ice breakingIce breaking
•• amphibious excavatoramphibious excavator
•• vesselsvessels

•• Thermal: Accelerate natural ice deteriorationThermal: Accelerate natural ice deterioration
–– Hole drillingHole drilling
–– DustingDusting



Ice CuttingIce Cutting
•• Beaurivage River, QuebecBeaurivage River, Quebec

–– 4WD trencher4WD trencher
–– diagonal slot pattern, center 2/3diagonal slot pattern, center 2/3
–– ice moves through cut areaice moves through cut area



Ice Breaking Ice Breaking 
•• Icebreakers/towboatsIcebreakers/towboats

–– can clear channels in jams can clear channels in jams 
•• hovercraft hovercraft 

–– effective for sheet iceeffective for sheet ice



Hole DrillingHole Drilling
•• Oconto River, WIOconto River, WI

–– 10 ft grid, central 2/3 of channel10 ft grid, central 2/3 of channel
–– holes expand to weaken sheetholes expand to weaken sheet
–– ice moves into Lake Michiganice moves into Lake Michigan



Aerial DustingAerial Dusting
•• Yukon River, AKYukon River, AK

–– sand increases solar absorptionsand increases solar absorption
–– 25 years, high productivity25 years, high productivity
–– difficult to assess effectivenessdifficult to assess effectiveness



Emergency MeasuresEmergency Measures

•• Jam in placeJam in place
•• Cost & effectiveness depend on timingCost & effectiveness depend on timing

–– try to minimize damagestry to minimize damages
–– time is criticaltime is critical

•• ExcavationExcavation
•• BlastingBlasting
•• Flood FightingFlood Fighting
•• Do nothingDo nothing
•• Lead time = effectivenessLead time = effectiveness



ExcavationExcavation

•• Most efficient when stage risingMost efficient when stage rising
•• PrePre--positioned equipment helpfulpositioned equipment helpful

–– excavator, clamexcavator, clam--shell, bulldozershell, bulldozer
–– clear channel D/S of toeclear channel D/S of toe
–– dislodge key pieces at toedislodge key pieces at toe

•• Expensive to excavate ice pieces after stage Expensive to excavate ice pieces after stage 
fallsfalls

•• Can be combined with blasting (excavate Can be combined with blasting (excavate 
where safe, blast upstream end of jam)where safe, blast upstream end of jam)



Excavation
Examples

Excavation
Examples

•• Morrisonville, NYMorrisonville, NY

•• Gorham, NHGorham, NH



Emergency diversion channel: Lancaster, NH

Diversion ChannelsDiversion Channels



BlastingBlasting
•• Requires open water downstreamRequires open water downstream
•• Work from downstream to upstreamWork from downstream to upstream
•• Charges should be placed just under iceCharges should be placed just under ice
•• PrePre--planning needed (liability issues, rapid response)planning needed (liability issues, rapid response)
•• Not suitable for urban areaNot suitable for urban area



Do NothingDo Nothing
•• Thin, weak iceThin, weak ice
•• Little remaining ice supplyLittle remaining ice supply
•• Continued mild temperaturesContinued mild temperatures
•• Late season jam (check records)Late season jam (check records)
•• Other constraintsOther constraints



Permanent MeasuresPermanent Measures
•• Structural solutionsStructural solutions

–– Ice control structures (ICSIce control structures (ICS’’s)s)
–– Diversion channelsDiversion channels
–– Flow controlFlow control
–– Thermal dischargeThermal discharge
–– Levees, floodwallsLevees, floodwalls
–– Flood proofingFlood proofing
–– Land managementLand management

•• 22--5 year lead time5 year lead time
•• Expect high benefits and reliabilityExpect high benefits and reliability
•• Generally costly although some lowGenerally costly although some low--cost cost 

solutions are under developmentsolutions are under development



Ice Control Structure, Ice Control Structure, 
Lamoille River, Hardwick, VTLamoille River, Hardwick, VT



Israel River ICS, Lancaster, NH



Retaining IceRetaining Ice
•• Porous structure retains ice in or near channelPorous structure retains ice in or near channel
•• Flow allowed through or around, decreasing upstream Flow allowed through or around, decreasing upstream 

stagesstages



Conventional Mitigation -
Freezeup & Breakup

Conventional Mitigation -
Freezeup & Breakup

•• Levees, floodwallsLevees, floodwalls
–– setset--back levees preferredback levees preferred
–– design for ice forcesdesign for ice forces
–– often more expensive than ICSoften more expensive than ICS

•• FloodproofingFloodproofing
–– effective for localized floodingeffective for localized flooding



Conventional Mitigation -
Freezeup & Breakup

Conventional Mitigation -
Freezeup & Breakup

•• Land managementLand management
–– green belts, parksgreen belts, parks
–– zoning & building codeszoning & building codes
–– riparian vegetation (control ice & erosion)riparian vegetation (control ice & erosion)



    S tru ctu ra l   

Ja m  T yp e T yp e  o f M itig a tio n
T e ch n iq u e

D ike s,  le ve e s, F , B P
       f lo o d w a lls
D a m s a n d  w e irs F , B P
I ce  b o o m s F , B P , A
R e te n tio n  stru ctu re s B P
C h a n n e l m o d ifica tio n s F , B P
I ce  sto ra g e  z o n e s B P , A

    N o n stru ctu ra l   

F o re ca stin g F , B A, P
M o n ito r in g  a n d  d e te ctio n F , B E , A, P
F lo o d p ro o fin g F , B P
S a n d b a g g in g F , B A, E
E va cu a tio n F , B A, E
L e ve e  c lo sin g F , B A, E
T h e rm a l co n tro l F , B E , A, P
L a n d  m a n a g e m e n t F , B P
I ce  cu ttin g B A
O p e ra tio n a l p ro ce d u re s F , B A, P
D u stin g F , B E , A
I ce  b re a kin g F , B E , A
M e ch a n ica l re m o va l F , B E , A
Bla stin g F , B E , A

Ke y: B=Bre a ku p  ja m ,  F = F re e z e u p  ja m ,  P = P e rm a n e n t m e a su re
A= Ad va n ce  m e a su re ,  E = E m e rg e n cy m e a su re

    S tru ctu ra l   

Ja m  T yp e T yp e  o f M itig a tio n
T e ch n iq u e

D ike s,  le ve e s, F , B P
       f lo o d w a lls
D a m s a n d  w e irs F , B P
I ce  b o o m s F , B P , A
R e te n tio n  stru ctu re s B P
C h a n n e l m o d ifica tio n s F , B P
I ce  sto ra g e  z o n e s B P , A

    N o n stru ctu ra l   

F o re ca stin g F , B A, P
M o n ito r in g  a n d  d e te ctio n F , B E , A, P
F lo o d p ro o fin g F , B P
S a n d b a g g in g F , B A, E
E va cu a tio n F , B A, E
L e ve e  c lo sin g F , B A, E
T h e rm a l co n tro l F , B E , A, P
L a n d  m a n a g e m e n t F , B P
I ce  cu ttin g B A
O p e ra tio n a l p ro ce d u re s F , B A, P
D u stin g F , B E , A
I ce  b re a kin g F , B E , A
M e ch a n ica l re m o va l F , B E , A
Bla stin g F , B E , A

Ke y: B=Bre a ku p  ja m ,  F = F re e z e u p  ja m ,  P = P e rm a n e n t m e a su re
A= Ad va n ce  m e a su re ,  E = E m e rg e n cy m e a su re


	River Ice Jams and Mitigation inNew England
	Ice Jam Formation
	Overview of New EnglandIce Jams
	Connecticut
	Maine
	Massachusetts
	Rhode Island
	Vermont
	New Hampshire
	Basic Ice Processes
	River Ice Cover Breakup
	Ice Jam Mitigation
	Mitigation Goals
	Advance Measures
	CRREL and Corps Reports
	Early Warning
	Prediction
	Advance Measures:Ice Weakening
	Ice Cutting
	Ice Breaking
	Hole Drilling
	Aerial Dusting
	Emergency Measures
	Excavation
	ExcavationExamples
	Blasting
	Do Nothing
	Permanent Measures
	Retaining Ice
	Conventional Mitigation - Freezeup & Breakup
	Conventional Mitigation - Freezeup & Breakup

